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1.

PURPOSE

The purpose of this research program was to invest igate

the behavior and identity of impurities In hig h quality

liquid phase epitaxial GaAs. Photocapacitance measurements

were combined with photoluminescence and other well es-

tablished techniques to provide a complete electrical

characterization of the material . In order to identif y

possible impurities , similar characterizations were

carried out on epitaxial GaAs with Cu impurity added

either during layer growth or by dJ~~~ -i after growth ,

and on bulk crystals of GaAs doped Thromium and

oxygen.
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MAJOR RESULTS

tJndoped Hig h Purity LPE GaAs I~ yers

Iindoped hi gh purity LPE GaAs layers on semi— Insulating and

substrates have been gr own in a grap h i t e — q u a r t z — h y d rogen system .

The l aye r s  were either n—type below or p—type above a critical

melt—growth system bakeout temperature. The n— to p—conversion

appears to be related to changes in the carbon , silicon , and oxygen

concentrations in the melt that arise from thermochemical reactions

in the growth system . Photocapacitance and transient capacitance

measurements showed that both n— and p—type layers are compensated

by several deep acceptors. Photocapacitance and hole trapp ing

transient techni ques showed that n—type layers near the transition

contain two dominant hole traps at (E
~ 

+ 0.42) eV and (E
~ 

+ 0.67) eV .

Photocapacitance and transient capacitanc e measurements on p—type

layers revealed the presence of 3 hole traps at (E
~ 

+ 0.42) eV,

(E
~ 

+ 0.67) eV , and (E + 0.81) eV with densities an order of

magnitude higher than those in the n—type layer . Thus the n— to

p—transithn is also related to the formation and incorporation of

several deep acceptor—like  t raps.  When the n—type layer is

annealed , the concentration of the (E
~ 

+ 0.67) eV traps appears to

increase at the surface , suggesting a relationship with arsenic

vacancies. Therefore impurity complexes with native defects appear

to  influence the n— to p—conversion .

In addition , near the interface between the n—type layer and

the p
f 
substrate, deep levels at (E~ + 0.44) eV , (E

~ 
+ 0.75) eV,

and (E
~ 
+ 1.12) eV were observed . These levels may arise from the

outdif fusion of contaminants from the substrate, partially confirmed

by their concentration profile observed.
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‘1.

LPE GaAs Layers with Cu Present in Melt During Growth

Cu introduc ed into the growth of n—type LPE GaAs increases the

electron density. This increase of electron density Is qualitatively

consistent with photoluminescence results which suggest that the

incorporation of Cu causes the disappearance of luminescence bands

involving S1
A and C

A 
(acceptor—type species). Emission spectroscopy

was used to determine that the distribution coefficient is approximately

1O~~ for Cu in I~PE GaAs. t’hotocap ;icltance effects for Schot tky harriers

tormed on these layers indicate four levels at (E + 0.20) eV ,

(E + 0.45) eV, (Ev + 0.65) eV, and (E~ 
+ 0.70) eV. The level

at (E + 0.45) eV is associated with Cu as described in more detailv Ga

for the samples with diffused Cu below. The same level was observed

in the layers grown with Cu impurity in the melt by measurements of

capacitance transient as a functior~ of temperature.

LPE GaAs Layer s with Diff us ed Cu

When Cu diffuses into a grown layer , ft behaves as a conven tional

ac c e p t o r .  It  Is possible to increase the r e s i s tiv i t y  to va lues  greater

t h a n  IO~ ohm—cm , thus maki ng va r ious  photoe lec t ronic  measurements

possible.  The rma l and optical quenching of photoco n d u c t i v i t y  i nd ica t e

tha t the Cu—related defect  responsible for the sensi t izat ion of n—type

photoconductiv ity is a center with a rat io of captur e c ross section for

holes to that of elect r ons of 10~ to io6, an electron captur e c ross

—21 2 osection o f abou t 10 cm at 90 K , and an energy level about 0 .43 eV

above the valence band . Three electron and two hole traps were also

obse rved throug h measurements of thermal ly  stimulated conduct ivi ty

on these layers.  The electron traps have depths of 0.19 , 0.24 , and

0. 30 eV , and electron capture cross sections of alout  iø~~
8 cm 2 . The

hole t raps  have depths of 0.38 and 0.60 eV , and hole capture cross

sections of about 10—16 cm2 Fetimated t rap densit ies for  a l l  the
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traps is about l016 cm 3.

Bulk-Grown GaAs:O

Two distinct peaks were observed in photoluminescence at 0.65

and 0.37 eV. Photocapacitance measurements ind icate the presence of

three principal levels located at (E — 0.795) eV, (E — 0.46) eV ,

and (E + 0.39) eV. The first appears to be the deep oxygen donor

level and shows a good correspondence with the Lucovsky model for

variation of optical cross section with photon energy . The level

at (E + 0.39) eV appears to be related to the 0.37 eV peak observed

in photoluminescence and associated with Fe impurity. It has a

large cross section for holes and the optical hole cross section

has been determined by interactive quenching experiments. The

the identity of the (E — 0.46) eV level is unknown hut is probably

related to native defects.

Bulk—Crown GaAs:Cr

The GaAs:C r material  shows a very sharp peak in the photo—

capacitance and optical absorption centered around 0.9 eV. The

sharp d rop of f  at photon energ ies greater than 0.9 eV was exper imenta l ly

ve r i f i ed  to be due to simultaneous optical f i l l i n g  t r ans i t i ons  from

th~ valence ba nd by measuring the optical electron and hole cross

sections fo r the Cr level separa tely. Two other levels located at

(E - 0.7)  eV and (E + 0.43) eV are also detected in the same

mate r ia l .  The Cr level does not give a good fit to the Lucov sky

model and th is  appears to be related to a l a t t ice  relaxation occurring

during the optical transition.

Crystal Growth Effects

LPE GaAs of different crystallographic orientation exhibits

different distribut ion coefficient s. Films grown by the LPE technique

on (111)8 and (100) semi—insulating GaAs :Cr substrates show a greater
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5.

net dono r concentration for the (lll)B orientation than for the (100)

orientation . A theoretical description has been found by considering the effect

of an interface electric field produced by differential vacancy formation

on the Ga and As interface sites. This interfaclal electric field

influences both the equilibrium solute distribution coefficient and the

net interface distribution coefficient when diffusion communication across

the solid interface layer becomes limiting . Under conditions of positive

interface electrostatic potential , this theoretical model also predicts

that the incorporation of acceptor impurities is favored over donor

impurities.
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